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Abstract 
Epithelial cysts may develop in 
virtually any epithelium. All cysts, 
regardless of their origins, are 
characterized by epithelial hyperplasia 
and fluid accumulation. Additional 
features may include tubular atrophy, 
basement membrane alterations and 
association with inflammatory cells. In 
spite of the intense research effort in 
recent years directed at uncovering the 
cellular mechanisms of cyst development 
and growth, we still do not know the 
primary events that lead to cyst 
formation. However, there are at least 
three candidate mechanisms. These 
include: 1) increased cell proliferation 
(epithelial hyperplasia) in the cyst 
wall, 2) net fluid accumulation in the 
cyst cavity and 3) alterations of 
extracellular matrix components linked to 
cyst formation and growth. This review 
discusses the evidence to support the 
role of each mechanism as a possible 
primary event necessary for cyst 
initiation and continued enlargement. 
Present data on the pathogenesis of 
epithelial cyst formation strongly 
suggests that no single mechanism, as yet 
described, can adequately account for all 
situations of cyst occurrence. 
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Epithelial cyst formation is 
associated with numerous pathological 
conditions in man. Cysts are potential 
contributors to organ failure and even 
death. Although they are common, it has. 
proven surprisingly difficult to 
delineate the factors that cause cysts to 
form and to grow. This paper reviews 
characteristics of epithelial cysts, 
describes features shared by cysts in 
different organs, and presents the idea 
that multiple factors, driven by signals 
derived from the internal and external 
environments, control cyst formation and 
growth. Cystic structures that do not 
possess epithelial linings (pseudocysts) 
and cysts that form in association with 
enlarging tumors are not discussed in 
this review. 
The Occurrence of Epithelial Cysts in 
Man 
An epithelial cyst is defined here 
as "a fluid-filled structure (sac) lined 
by a polarized epithelium". For those 
organs such as the kidney and exocrine 
glands in which the parenchyma contains 
tubules, acini or ducts, a useful 
convention is to reserve the term "cyst" 
for those structures that have enlarged 
to a diameter greater than four times 
normal (55). This provides an objective 
criterion with which to grade the degree 
of cystic involvement and to distinguish 
between frank pathologic enlargement, 
variations in lumen size within the range 
of normal, apparent dilation due to 
tangential plane of section or modest 
dilation possibly as a consequence of a 





Cysts either exist as 
isolated structures sealed 
surrounding epithelia 
communicate, via one or 
epithelial channels, with 
more patent 
the luminal 
structure from which they originated. 
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Thus cysts may be described as either 
communicating or non-communicating types. 
Organs (Table 1) that do not possess 
tubular or ductal elements form non-
communicating cysts exclusively. The 
kidney, in contrast, exhibits both types. 
There are numerous types of renal cystic 
disease with different histopathological 
characteristics ( 10, 12). In autosomal 
dominant polycystic kidney disease 
(AOPKO), the early events of cyst 
formation in the renal tubule often give 
rise to focal dilations in which patent 
connections with the nephron persist for 
some time. The majority of cysts in 
AOPKO eventually lose these connections, 
to become non-communicating (45,68). It 
is not known at what point in development 
renal tubular cysts become isolated. Our 
laboratory has observed non-communicating 
cysts in early stage AOPKO kidneys at a 
time when a majority of cysts possess 
connections with the nephron. Thus, we 
believe that the enlarging cysts lose 
these connections resulting in the 
formation of a non-communicating cyst. 
One cannot rule out the possibility that 
some cysts form in tubular organs such as 
the kidney by a process in which loss of 
communication precedes cyst enlargement. 
There is, however, no evidence to support 
this idea. 
Cysts may develop in virtually any 
epithelium, but appear to be more common 
in some specific anatomical sites: 
mammary gland ( 14 2) ; epidermis and 
associated sweat and sebaceous glands 
(101); eye (116); kidney (45,55); lung 
(104); oral cavity (115); ovary (111); 
pituitary (9,114); and the choroid 
plexus, ependyma and leptomeninges of the 
central nervous system (94,112) (Table 
1). The precise cellular mechanisms 
responsible for cyst development in these 
and other sites have yet to be 
determined, but it is evident from 
clinical experience and experimental data 
that cyst formation occurs in at least 
two distinct settings. Cysts may develop 
as a consequence of a) genetic 
transmission orb) may be acquired by a 
variety of known and unknown exogenous 
stimuli. 
Genetically transmitted cystic 
disease follows a pattern predicted by 
the Mendelian theory and may be 
associated with known or suspected 
mutated genes. Polycystic kidney disease 
occurs in recessive and dominant forms, 
affecting members of single and 
sequential generations, respectively. 
One mutated gene in the dominant form, 
the most common, is linked to markers on 
the short arm of chromosome 16 ( PKOl) 
( 110) . In other kindreds ( 9 2) , the 
mutated gene is located elsewhere (PKO2). 
Cysts of the pilosebaceous complex also 
can be transmitted in an autosomal 
654 
dominant pattern (101) 
Physical trauma, hormones, or 
exogenous chemical agents can induce 
cysts to form in, for example, the eye, 
particularly the iris ( 95) and cornea 
(19); the oral cavity (115); and the 
kidney (5,37,45,69,70,102-103). Ocular 
surgery and penetrating wounds of the eye 
stimulate cyst formation within cornea 
and iris, and induce floating cysts 
within the anterior and posterior 
chambers of the eye (38,47,122,136). 
Trauma to the face and skin may be 
followed by cyst formation. The 
mechanism for cyst induction under such 
conditions is unclear. The postulate 
advanced to explain cyst formation in the 
case of keratinizing epidermoid cysts, 
cites traumatic implantation of epidermal 
cells into the dermis (39). Cysts of the 
mammary gland and ovary are thought to be 
hormonally influenced. Excessive 
estrogen levels (high levels of estradiol 
during the luteal phase of the menstrual 
cycle) have been incriminated in cyst 
development in the pre-menopausal mammary 
gland (147). The ovarian cysts of 
polycystic ovarian disease may develop 
under conditions of endocrine imbalance 
in which the ovary is under continual 
stimulation by FSH and LH ( 111) . A 
variety of agents like nor-
dihyroguaiaretic acid (NOGA), 
diphenylamine, diphenylthiazole and 
glucocorticoids are exogenous cystogenic 
substances that induce cysts to form 
along various segments of the renal 
tubule ( see reference 3 for a complete 
list) . All have been used to develop 
experimental models of renal cystic 
disease (4,26,40-44,59,62,64,67,68,89, 
90). 
Cysts appear spontaneously in the 
native kidneys of individuals with late 
to endstage renal disease, a condition 
know as acquired renal cystic disease 
(ARCO). Ounnill, Millard and Oliver 
recognized ARCO in patients who had been 
maintained for long periods of time (3-5 
years) on intermittent hemodialysis (37), 
raising the specter that the procedure 
induced renal cyst formation. It now is 
accepted that ARCO also occurs in 
patients with late stage renal failure 
who have never received dialytic therapy, 
either hemo- or peritoneal dialysis (17). 
ARCO, like AOPKO, may develop 
asynchronously but eventually affects 
both kidneys. The two conditions may be 
confused clinically but their 
morphological differences are distinct. 
Kidneys in ARCO may be identified by 
their hyperplastic but phenotypically 
identifiable tubular cell types, and 
their frequent association with adenomas 
and adenocarcinomas (59,60,69,83). The 
etiology of ARCO is not known. It has 
been suggested that the setting of the 
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Table 1. Organs and their tissues that commonly develop epithelial cysts. 














• Epithelium of hair follicle 
• Sweat and sebaceous glands 
KIDNEY 





Collecting duct system 
Distal tubule 
Loop of Henle 
Proximal tubule 
Renal corpuscle 




• Ouctules (alveoli) 
• Extralobular terminal ducts 
• Intralobular terminal ducts 
endstage kidney in some way promotes 
alterations in the structure and function 
of tubular epithelium. There is some 
evidence to suggest that the endstage 
kidney produces or pools growth factors, 
mitogenic agents or transforming factors 
that stimulate proliferative activity and 
altered function within the renal 
epithelium (56,145,149). 
The Characteristics of Epithelial Cysts 
Epithelial cysts, regardless of 
their origins, have at least two features 
in common. All cysts show areas of focal 
epithelial hyperplasia and all cysts 
contain fluid. Additional features are 
present during the course of cyst 
655 
• Choroid plexus 
• Ependyma 
• Leptomeninges 














-Reduced enamel epithelium 






Non-ovulated graafian follicle 
Resealed, non-fibrosed follicle 








development, although a particular cyst 
may not show them all at any given time. 
Cyst contents may be under increased 
pressure. Tissue adjacent to cysts may 
be atrophic. The basement membrane of 
cyst epithelium may be thickened. 
Inflammatory cells may be found in the 
lumen, wall, or surrounding interstitium. 
Perhaps the best characterized of 
all cysts are the renal tubular cysts of 
ADPKD. In the ADPKD kidney, cysts may be 
found along every segment of the nephron, 
from the renal corpuscle to collecting 
tubules and medullary collecting ducts. 
Cysts may become clinically evident from 
as early as the fetal period to as late 
as the fifth to seventh decades 
(34,45,82,134,150). Affected persons 
generally are asymptomatic during the 
early stages of the disease. With 
advancing age, cysts usually increase in 
diameter, resulting in enlargement of the 
kidney (Figure 1). As the renal lesion 
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progresses and kidneys enlarge, flank 
pain, hematuria, hypertension, and 
azotemia secondary to renal failure 
develop (34,82,134,150). Cysts larger 
than 0.2 mm in diameter may lose contact 
with the renal tubule and form so-called 
non-communicating cysts ( 45). Non-
communicating cysts in AOPKO generally 
have a spherical shape and no evident 
patent connections (inlet or outlet) with 
the renal tubule (Figure 2) (68). 
Renal cysts are lined by a 
continuous epithelium that rests atop an 
often thickened basement membrane (Figure 
3) (23). The epithelium of individual 
cysts is characterized as a simple 
polarized cell layer that invariably 
exhibits one or more forms of hyperplasia 
(Figures 3-8) (13,14,40-45,59,60,68,71). 
In 84% of cysts in endstage AOPKO 
kidneys, cell type could not be 
identified as characteristic of a 
particular tubular segment ( 6 8) ( Figure 
4). Hyperplastic foci, including 
micropolyps, are common (Figures 5-8) 
(13,14,40-45,71). Regions of epithelial 
hyperplasia in AOPKO and some aninmal 
models are frequently bordered by 
inflammatory cells infiltrating the 
adjacent interstitium or marginating 
along subjacent capillaries (Figures 3,8) 
(45,55,61,62). Areas of interstitial 
fibrosis and fibroblastic or smooth 
muscle metaplasia are common in 
association with cyst walls (Figure 3). 
All renal cysts are filled with 
fluid, which may range from clear and 
watery, to dark and viscid, to bloody or 
purulent in appearance and consistency. 
Crystalloid concentrations vary widely, 
even among cysts in the same kidney. The 
electrolyte composition of the cysts also 
differ. In a minority (<50%) of cyst 
fluids, for example, sodium is present in 
concentrations less than 60-75 mEq/liter. 
These low sodium cysts are considered to 
be of distal nephron/collecting duct 
origin. Not all AOPKO kidneys contain 
cysts of high and low sodium types. Some 
have only high sodium f 1 uids ( > 7 5 
mEq/liter), raising the suspicion that 
not all AOPKO kidneys are alike (57). 
The cells of endstage AOPKO cysts 
may be squamous, cuboidal or columnar in 
shape (Figure 9) (57). A majority of the 
high sodium cysts are lined by a squamous 
cell type that possesses few mitochondria 
and lysosomes and lacks surface membrane 
specializations. Low sodium cysts appear 
to be lined by a more differentiated cell 
type. In addition, all cells of high 
sodium cysts are joined by shallow tight 
junctions (fusion depth< 500 µm) while 
the junctions of low sodium cysts are 
deeper ( fusion depth > 500 µm). Such 
data strongly suggest that the depth of 
zonulae occludens is a critical 
discriminant of renal cyst wall structure 
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Figure 1. This light micrograph shows 
several cysts (arrows) at the surface of 
an end-stage AOPKO kidney. One large 
cyst (C) has been excised to reveal the 
cyst lumen. Generally, the entire 
surface of the end-stage kidney is 
covered by fluid filled cysts which may 
be as large as 5-6 centimeters in 
diameter. Bar= 4 mm. 
Fiaure 2. This low magnification scanning 
electron micrograph shows half of a large 
cortical cyst from an end-stage ADPKO 
kidney. The cyst is spherical in shape 
and lined by a single layer of epithelial 
cells. Close examination of both halves 
of the cyst reveals no apparent patent 
connections with a renal tubule. 
Bar= 50 µm. 
Figure 3. This light micrograph shows a 
"corkscrew shaped" cystic nephron from an 
early-stage ADPKD kidney. The cyst wall 
is composed of a single layer of 
flattened epithelial cells that are 
resting on a thickened basement membrane 
(arrow). The adjacent tissue is 
characterized by interstitial fibrosis 
and infiltration of numerous inflammatory 
cells (arrowhead). Bar= 40 µm. 
Figure 4. Many of the cysts (84%) of the 
end-stage AOPKO kidney are lined by a 
cell type that cannot be identified as 
belonging to a particular tubular 
segment. The cells of this cyst have a 
phenotype which has been defined as 
irregular hyperplasia. Some of these 
cells (arrow) are organized into cord-
like regions of hyperplasia. 
Bar= 100 µm. 
Figure 5. This light micrograph shows the 
cystic lesion that was produced in an 
NOGA-treated germ-free rat. For a three 
week period the germ-free rat was fed 2% 
NOGA (a cystogen) under germ-free 
conditions. Thereafter, the animal was 
contaminated by exposing it to ambient 
air for an additional three weeks. These 
experimental conditions resulted in an 
acceleration of cyst development. In the 
center of the field are two large cysts 
of the cortical collecting duct. The 
walls of both cysts show areas of regular 
hyperplasia (arrows), noted by an 
increase in the number of cells forming 
the cyst wall, and irregular hyperplasia 
seen in the form of micropolyps (P). 
Bar= 10 µm. 
Figure 6. Scanning electron microscopy 
has been extremely useful in identifying 
and characterizing micropolyps. In this 
cortical cyst from an early-stage AOPKD 
kidney, several micropolyps (arrows) 
protrude from the cyst wall. Bar= 5 µm. 
Cyst Formation and Growth 
657 
A. Evan, J. McAteer, K. Gardner, Jr. 
Figure 7. This scanning electron 
micrograph of a cyst from an end-stage 
ADPKD kidney, shows a micropolyp (arrow) 
positioned so as to be partially 
obstructing an opening (inlet or outlet) 
which connects the cyst with the renal 
tubule. A small focal micropolyp (P) is 
also present. Bar= 60 µm. 
Figure 8. This light micrograph 
demonstrates numerous polymorphonuclear 
leukocytes (arrows) within and around a 
micropolyp ( P). The renal tissue was 
harvested from the same animal described 
in figure 5. Bar= 100 µm. 
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Figure 9. Morphological features of cyst 
lining cells are shown by transmission 
electron microscopy in panels A, C, and E 
and by scanning electron microscopy in 
panels B, D, F. Variations are 
noteworthy. Squamous cells (A and B) are 
attenuated in shape and possess few 
organelles. Cuboidal cells (C and D) 
show cell surface specialization, 
especially basal infoldings, and wide 
variation in the number of organelles. 
Columnar cells (E and F) show apical and 
basal surface specialization, e.g., the 
microplica noted on several intercalated-
like cells (IC) (panel E). All cyst wall 
cells rest on thickened basement 
membranes (BM). Junctional regions at 
the apical cell surface are marked by 
arrows. (A, C, and E: Bar = 720 nm; B, 
D, and F: Bar= 520 nm). (Reprinted with 
permission from Kidney International 11._,_ 
1199, 1992) 
and cell type in ADPKD. Ultrastructural 
analysis has shown that physiologically 
"leaky" epi thelia possess shallow 
junctions, while physiologically "tight" 
epithelia have deep junctions (29). 
These data support the view (33,36) that 
differences in the functional and 
permeability characteristics of cyst 
lining cells are responsible for 
differences in cyst fluid composition. 
Epithelial cysts of the soft tissues 
of the oral cavity are common (115). 
Those that arise in association with the 
epithelial structures involved in tooth 
development (odontogenic cysts) have been 
studied in some detail because of their 
clinical significance (98,115). As a 
group, these cysts are morphologically 
heterogeneous. Their epithelium may be 
simple or stratified and the cells may be 
squamous to cuboidal or irregular 
( hyperplastic) in form ( 115). 
Characteristically, odontogenic cysts 
possess a substantial amount of dense 
fibrous connective tissue supporting the 
epithelium. Inflammatory cells including 
PMNs, plasma cells, lymphocytes, 
macrophages and mast cells are commonly 
found within or subjacent to the cyst 
epithelium. It is interesting to note 
that the morphologic features of cysts of 
the oral cavity are quite similar to the 
structure of non-communicating tubular 
cysts in renal cystic disease. Such 
similarities, particularly the occurrence 
of inflammatory cells within the cyst 
wall, suggest that there may be 
similarities in the cellular mechanism(s) 
that control cyst formation and growth in 
the kidney and oral cavity. Like renal 
tubular cysts, odontogenic cysts also 
exhibit fluid accumulation ( 115). 
However, the morphology of the cells 
lining odontogenic cysts does not 
resemble that of the fluid-transporting 
epithelium characteristic of the nephron 
Fo rmation and Growth Cyst 
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(68,98). Generally, the composition of 
oral cyst fluid closely resembles the 
constituents of plasma ( 119). Several 
authors have, however, reported oral cyst 
f 1 uid to contain cholesterol, keratin, 
desquamated epithelial cells 
immunoglobulins (IgG, IgA, IgM), and 
albumin (81,117,129,132). Most oral cyst 
fluids are sterile, however, microbial 
flora have been cultured from some 
(1,21). Several studies have 
demonstrated the presence of bone-
resorbing factors in the fluid of 
odontogenic cysts. It has been 
postulated that these factors are 
important in cyst growth (75,76). 
Possible Events in Epithelial Cyst 
Formation and Growth 
All forms of cystic disease are 
characterized by 1) increased cell 
proliferation (epithelial hyperplasia) in 
the cyst wall, and 2) net fluid 
accumulation in the cyst cavity. These 
two changes have been linked to the 
etiology and pathogenesis of epithelial 
cyst formation and growth. The cyst 
literature has linked hyperplasia and 
fluid accumulation to cyst formation and 
growth and has attempted to explain cyst 
development as a process dependent upon 
one or the other as a primary event or 
primary mechanism. The discussion to 
follow develops the idea that neither 
epithelial hyperplasia nor fluid 
accumulation alone can account for all 
forms of cyst occurrence. Instead, cyst 
development must involve both. There is, 
as yet, no conclusive evidence to 
demonstrate that hyperplasia and fluid 
accumulation are not independent events 
of a pathologic process under 
multifactorial control. 
Hyperplasia 
Cellular hyperplasia has been 
clearly documented in cyst formation 
within the kidney (13,14,42,45,59,60,68, 
69,71), oral cavity (72,98), breast (66) 
and eye ( 95). Careful examination of 
cystic epithelia reveals two distinct 
forms of cell proliferation, termed 
regular and irregular hyperplasia. 
Regular hyperplasia is characterized 
by cells that have a normal shape with or 
without altered ultrastructure and is 
understood to be involved in the 
enlargement of all cysts. Cells of this 
type generally retain a mono layer 
configuration and they do not project 
folds into the cyst lumen, as would be 
typical of a tumor. Regular hyperplasia 
has been demonstrated by tri tiated 
thymidine incorporation in animal models 
of renal cystic disease (40,42,44,58) 
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where an increase in labeled cells 
preceded, then persisted during, cyst 
formation. Several authors have 
similarly documented an increased mitotic 
rate for the epithelium of odontogenic 
cysts (98,131). 
A variety of factors have been 
implicated in the search to identify the 
stimulus for accelerated cell division in 
regular hyperplasia. These factors 
include: 1) increased expression of 
several proto-oncogenes, 2) abnormal 
expression of genes known to regulate 
nephron development, 3) alteration in 
growth factors, and 4) defect in the 
biosynthesis of extracellular matrix 
proteoglycans. Several studies have 
reported abnormally high levels of c-fos, 
c-myc and c-Ki-ras proto-oncogene mRNAs 
in a murine model of cystic disease 
( 3 0, 3 2, 7 4 ) . These proto-oncogenes are 
associated with cell proliferation and a 
change in cell differentiation. To 
determine if c-myc is involved in the 
hyperplastic response noted in cystic 
growth, the c-myc gene (driven by the 
SV40 enhancer and a )3-globin promoter) 
was introduced into the germline of a 
transgenic mouse that normally does not 
express renal cystic disease (137). The 
result was the induction of cystic 
disease in a normal kidney which lead to 
end-stage renal failure. The role of c-
fos in cystic disease has also been 
investigated. Recent work by Rankin et. 
al. (109) has shown that when cultured 
renal cyst cells are exposed to fetal 
bovine serum there is a dramatic rise in 
c-fos mRNA levels compared to controls 
and cyst cells grown in a defined medium. 
The authors suggest that the high levels 
of c-fos 1) may contribute to cystic 
disease by keeping the cyst lining cells 
in a less-differentiated state or 2) 
simply reflect the fact that cystic cells 
are locked in a differentiated state that 
is permissive for c-fos expression. The 
same laboratory observed the persistent 
expression of the sulfated glycoprotein-2 
(SGP-2) gene in cystic collecting ducts 
compared to normal developing collecting 
tubules ( 7 3) and a greatly reduced 
expression of the prepro-EGF gene in the 
cystic nephron versus normal distal 
tubules ( 64). From these observations, 
the authors have suggested that cyst 
lining cells live in an undifferentiated 
state compared to normal tubular cells. 
Supporting this idea are data showing 
elevated expression of TGF-a, EGF 
receptors and the epithelia antigen Exo-1 
( polar neutral glycolipid) in cultured 
ADPKD cells (93,144). 
Of particular interest are the 
recent observations of Torres et. al. 
(135) showing an increased synthesis of 
renin by cyst lining cells. Angiotensin 
II can act as a growth factor by inducing 
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the expression of EGF-1 and proto-
oncogenes c-fos, c-myc, and c-ras. A 
recent report suggests that other growth 
factors, e.g., the insulin growth factors 
(IGF-I), platelet derived growth factor-
(PDGF) A and B, transforming growth 
factor- (TGF) B, and basic fibroblast 
growth factor (bFGF) may be altered in 
cystic disease (105). 
Carone et. al., (26) have 
hypothesized the primary cause of tubular 
cystic change in the kidney to be a 
defect in the elastic characteristics of 
the tubular basement membrane. This 
hypothesis is supported by the study of 
Kanwar and Carone (89) where they noted 
progressive thickening and an abnormal 
laminated fine structure of the basement 
membrane of DPT-induced cystic tubules. 
Concomitant with basement membrane 
thickening was a loss of alcian blue and 
ruthenium red staining, suggesting a 
change in the sulphated proteoglycan or 
anionic glycoprotein components. 
Structural changes in the cyst-lining 
cells prior to alterations of the tubular 
basement membrane suggested that cellular 
metabolic mechanisms had been affected. 
Butkowski et. al., (22) found significant 
changes in the content of specific 
basement membrane components during the 
development of DPT-induced renal cysts: a 
four- to five-fold increase in 
fibronectin, a three-fold increase in 
type 1 collagen, and a decrease in both 
Mr 55,000 polypeptide and a sulphated 
proteoglycan. The concentration of 
laminin, entactin and type IV collagen 
did not change. Immunofluorescence 
staining of cyst walls with anti-heparan 
sulphate proteoglycan was reduced, while 
staining with antibodies to fibronectin, 
laminin and type IV collagen was 
increased ( 24). From these data the 
authors have suggested that alterations 
in the elasticity and tensile strength of 
the basement membrane may modulate cyst 
growth by allowing progressive tubular 
distention under conditions of normal 
intratubular pressure. However, Grantham 
et. al. (67) tested directly the 
deformability and viscoelastic creep of 
basement membranes from normal renal 
tubules and cysts (chemically-induced and 
genetic) and found these measurements to 
be similar for both conditions. These 
data would suggest that renal cysts do 
not enlarge due to increased 
deformability of tubular basement 
membranes. Recently Liu et. al. ( 96) 
have shown that cultured cyst lining 
cells from human ADPKD kidneys have a 
decreased de nova synthesis of basement 
membrane proteoglycans as well as 
alterations in the size (high molecular 
weight) and species (mostly chondroitin 
sulfate vs heparan sulfate proteoglycans) 
of proteoglycans synthesized. These 
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alterations in basement membrane 
proteoglycans have been postulated to 
play a significant role in the 
pathogenesis of renal cystic disease in 
that the basement membrane is known to 
influence cell shape and movement, cell 
division, cyto-differentiation, 
epithelial polarity and specific gene 
expression (51,80) 
A second form of hyperplasia found 
in cyst formation and growth is termed 
irregular hyperplasia, and is 
characterized by cells that exhibit 
abnormal shape and population density. 
Generally, cells in irregular hyperplasia 
are phenotypically undifferentiated, 
packed tightly together and commonly form 
micropolyps, many of which are 
pedunculated and possess a core of 
connective tissue. Micropolyps have been 
seen in animal models of renal cystic 
disease (41,42,55-63), and in human ADPKD 
(13,14,43,45,55,71) where they always 
project into the lumen of the nephron or 
collecting duct. Of particular interest 
is the observation that micropolyps can 
occur at the outflow end of a renal cyst. 
In this position, a micropolyp (the 
result of abnormal cell growth) could 
cause partial obstruction to normal urine 
flow and thereby facilitate fluid 
accumulation (secondary to obstruction) 
within the tubular lumen. 
The formation of lateral periodontal 
cysts has been linked to "resting" cell 
remnants such as the cell rest of 
Malassez that undergoes cell 
proliferation and reorganization (Figure 
10) ( 148). It has been suggested that 
periodontal cysts form in response to 
focal chronic inflammation which results 
in a decreased oxygen/ increased carbon 
dioxide tension in the tissue (72,127). 
This may stimulate the "resting" cells to 
reorganize and divide as a polarized 
cystic structure surrounding a lumen. 
More recently, Torabinejad (133) has 
suggested that cyst development in these 
cell rests is mediated by immune 
reactions. Cyst formation may also be a 
consequence of abnormal cell division 
during embryonic development. 
Thyroglossal duct cysts may form from 
remnants of the thyroglossal duct, a 
transient structure which normally 
degenerates during the tenth week of 
fetal development (115). 
Thus, epithelial hyperplasia is a 
consistent feature of cyst development. 
Without the addition of new cells to a 
cystic structure, that structure would 
simply not grow in size. Hyperplasia is 
accompanied by fluid accumulation and 
cysts do not form without both events. 
If a condition were to exist in which 
there were a vigorous driving force for 
f 1 uid accumulation without compensatory 
cell proliferation, the cyst wall might 
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Figure 10. Lateral periodontal cysts 
of the oral cavity are thought to form as 
a result of the reorganization of the 
epithelium of the cell rests of dental 
lamina, in particular the cell rests of 
Malassez. The lower part of this drawing 
shows the development of a single cyst 
while the upper portion represents a 
polycystic condition. The factors that 
control this reorganization process are 
not known. ( Reprinted with permission 
from Wysocki et. al., Oral Pathology 50, 
327, 1980). 
stretch and finally rupture. On the 
other hand, hyperplasia in the absence of 
luminal fluid accumulation would likely 
produce an epithelial mass ( adenoma?), 
not a cyst. (70). 
Net Fluid Accumulation 
All cysts accumulate fluid. 
However, an absolute link between fluid 
accumulation and the cell proliferation 
necessary to sustain cyst growth has yet 
to be demonstrated. Cultured cell 
studies have shown that DNA synthesis is 
stimulated by linear cell stretching and 
conditions of cell contact with the 
substrate that promote cell attenuation 
(18,20,79, ). Fluid accumulation within a 
cyst (communicating or non-communicating) 
sufficient to critically stretch its wall 
could, thus, act to stimulate cell 
proliferation, thereby leading to cyst 
growth. 
How cysts come to be filled, and 
remain filled by fluid as they grow 
presents an interesting and, as yet, 
unsolved problem. In a theoretical 
sense, fluid accumulation could occur by 
a variety of mechanisms that may be 
influenced by cyst form. That is, the 
mechanisms responsible for fluid 
accumulation may be different for 
communicating and non-communicating 
cysts. In the cystic kidney, for 
example, communicating cysts commonly 
possess patent connections to the renal 
corpuscle. As such, glomerular 
filtration may be a principal source of 
fluid presented to the cyst lumen. How 
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glomerular filtration alone might 
stimulate a renal tubule to expand and 
form a cyst is difficult to imagine in 
the absence of some down-stream obstacle 
to fluid flow. Thus, the observation of 
polypoid hyperplasia with the potential 
to obstruct the tubule lumen lends 
support for the hypothesis that some 
degree of down-down-stream obstruction 
may promote ( or be necessary for) cyst 
formation to occur. The "obstruction" 
hypothesis states: that po 1 y poi d 
hyperplasia restricts the flow of fluid 
from affected nephrons. Assuming that 
affected nephrons have normal glomerular 
filtration rates and normal fluid 
transport properties, fluid would 
accumulate in the tubular lumen, 
intraluminal pressure would increase, and 
the tubule would dilate. The cyst wall 
epithelium would stretch and the 
stretching would induce cell division/ 
proliferation. 
The obstruction hypothesis is 
supported by observations that many renal 
cysts have elevated intraluminal 
pressures ( 16, 41, 6 3), and the excretion 
of tritiated inulin injected into 
individual cysts is significantly delayed 
compared to its clearance from normal 
nephrons ( 41, 58, 63). It needs to be 
noted, however, that not all cysts 
measured have higher than normal 
intracystic pressure (2,16,35,41,58,63, 
84,90). The important question in these 
cases is whether the intracystic pressure 
is lower that extracystic pressure. 
Because the interstitial pressure of the 
kidney (as well as other organs) is so 
difficult to measure, a small difference 
in intracystic versus extra cystic 
pressure may be technically difficult to 
detect. It does seem reasonable that 
intracystic pressure must exceed 
extracystic pressure in order for a cyst 
to remain expanded. 
Work from our laboratory has shown 
that complete obstruction of a single 
proximal tubule of a normal adult rat 
kidney leads to cellular atrophy and 
reduced function in that tubule, but does 
not result in cyst formation (46,124, 
125). However, ureteral obstruction of 
the early ( first trimester) fetal lamb 
( 8) and rabbit kidney (48,123) induced 
cysts along the proximal tubule (lamb), 
loops of Henle (rabbit) and collecting 
ducts (rabbit). In addition to ureteral 
obstruction, unilateral nephrectomy was 
necessary to induce cysts in the lamb but 
not the rabbit. If ureteral obstruction 
was performed during the 2nd or 3rd 
trimester, the cystic change decreased 
and dysplasia to hydronephrosis resulted 
( 6 5, 7 8) . Our laboratory has shown that 
adult rats subjected to 5/6 nephrectomy 
and placed on a high protein diet develop 
cystic changes in the proximal tubule and 
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collecting ducts (91). 
A role for obstruction in cyst 
formation and growth has also been tested 
in mammary and salivary glands of adult 
animals. Blaskar et. al., (15) and 
Standish and Shafer (120) have shown that 
ligation of the main salivary duct 
produces secretory arrest, adenitis and 
progressive fibrosis, but not cysts. 
Harrison and Garrett ( 77), ligated the 
duct of the sublingual gland of the cat. 
Over a 20 day period, they noted rupture 
of some acini; however, they did not find 
evidence of dilation of the larger ducts. 
Ductal obstruction has long been thought 
to play an important role in cystic 
disease of the breast. Tedeschi ( 126) 
ligated lactiferous ducts of the rabbit 
mammary gland, and noted flattening of 
the epithelium with minimal evidence of 
edema. Ductal dilation did not occur 
unless either progesterone, chorionic 
gonadotropin or diethylstilbestrol was 
administrated to the animals. These 
investigators concluded that ductal 
obstruction was not a major etiologic 
factor in mammary cyst formation. The 
role that ductal obstruction plays in the 
development of mammary cysts may be 
similar to that just stated for the 
formation of renal cysts, in that there 
must be an additional driving force for 
net fluid accumulation, which results in 
fluid retention when luminal obstruction 
is present. 
While complete obstruction does not 
appear to be the sole cause of cyst 
formation in the adult, two observations 
in experimental models of cystic disease 
suggest that obstruction is present but 
incomplete. Inulin appears in 
ipsilateral urine, but does so only after 
a time lag following its introduction 
into cystic tubules in DPA-fed rats (63). 
Also, intra tubular pressures rise 
disproportionately during microperfusion 
of cystic tubules in DPT-fed rats 
(58,90). Thus for communicating cysts, 
partial obstruction remains as a viable 
possibility in the pathogenesis of renal 
cyst formation. 
It seem plausible that the rate of 
renal cyst growth could be altered by any 
condition that would influence net fluid 
accumulation. These conditions could 
include a) supranormal glomerular 
filtration rate, b) reduced water 
reabsorption, c) increased fluid 
secretion and d) increased osmotic 
diffusion. Supranormal glomerular 
filtration would increase the volume of 
fluid delivered to the site of 
obstruction, thereby, increase the 
intraluminal pressure which would cause a 
greater number of cells to be stretched 
resulting in cell division. The 
glomerular filtration rate in ADPKD 
patients has been reported to be elevated 
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to decreased (28,34,50,52,108). Early in 
the disease process, GFR values have been 
found to be normal to elevated (28,50). 
However, with the progression of ADPKD, a 
greater number of PKDl patients develop 
renal failure than do PKD2 patients 
(34,50,52,108). Thus, it is difficult to 
speculate on the importance of GFR on the 
growth of renal cysts. 
In communicating cysts of the 
kidney, a net increase in fluid 
accumulation could occur by reducing the 
amount of fluid that is normally 
reabsorbed by the tubular epithelium. If 
the rate of tubular reabsorption were 
significantly reduced, a larger load of 
filtrate than normal would be delivered 
to the distal nephron. It is conceivable 
that this could cause an elevation in 
lumen pressure, causing increased cyst 
wall tension and cellular stretching 
leading to cell division. One possible 
way of altering tubular reabsorption is 
through the action of interleukin 1. 
This cytokine has been shown to induce a 
decrease in the normal rate of tubular 
sodium reabsorption ( 27). Renal cysts 
are commonly associated with lymphocytes, 
macrophages, and neutrophils 
(41,45,58,61,62) all possible candidates 
for IL-1 production (88). It is 
well established that ADPKD kidneys have 
a urinary concentrating defect which can 
be detected early in the disease process 
(53). Also, it is known that polyuria 
can be accompanied by a significant 
increase in the tubular diameter of the 
medullary collecting duct ( 85). This 
condition does not, however, lead to cyst 
formation (85). Thus it seems that 
increased tubular flow alone is 
insufficient to induce cyst formation and 
it is likely that additional factors such 
as down-stream obstruction (partial) 
participate to create a cystogenic 
environment. 
Non-communicating cysts are not 
connected to other epithelia and as such 
have no exogenous source of luminal 
fluid. Instead, all fluid that enters 
(or exits) a non-communicating cyst must 
pass through its wall. Fluid 
accumulation within non-communicating 
cysts could occur by a variety of 
mechanisms involving elevated secretion 
(basal to apical fluid movement), and/or 
passive fluid movement as the result of 
osmotic diffusion of water toward the 
cyst lumen. The delivery of increased 
volume to the cyst lumen would cause 
luminal hydrostatic pressure to rise over 
that of the interstitium (interstitial 
hydrostatic pressure is 2 to 4 mm Hg in 
rat kidney and 5 to 8 in dog) (146). The 
mechanism driving this fluid could 
involve osmotic diffusion, hydrostatic 
forces or secretion by an active 
transport process. In order to predict 
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which of these processes may be involved 
requires knowledge of the functional 
capabilities of the epithelium in 
question. In the kidney, tubular 
epithelial cells possess elaborate 
transport systems for fluid reabsorption 
but normally have a limited capacity for 
fluid secretion. Thus, in most if not 
all sites of cyst formation it would be 
necessary for the epithelium to exhibit 
abnormal transport function in order to 
maintain net basal to apical fluid 
movement. This could involve the 
abnormal expression of existing/original 
transport mechanisms in favor of 
secretion, the mis location of 
transporters so as to favor net secretion 
or passive osmotic fluid movement from 
basal to apical cell surfaces. 
Recent work by Wilson et. al. 
(143,145) has identified the mislocaton 
of Na+ K+-ATPase to the apical cell 
membrane (normally located on basolateral 
cell membranes) of some (although not 
all) cysts in ADPKD kidneys and in 
cultured cells derived from ADPKD cysts. 
These observations have led to the 
suggestion that an early defect in cyst 
formation in ADPKD is the reversal of 
polarized insertion of Na+ K+-ATPase into 
apical membranes with consequent 
redirection of net Na-transport from the 
serosa into the tubule lumen. 
Additionally, Avner et. al. (5) have 
shown that induction of Na+ K+-ATPase 
activity by triiodothyronine in 
metanephric organ culture is associated 
with proximal tubule cyst formation. 
Two recent studies have shown that 
cyst growth occurs independent of changes 
in Na+ K+-ATPase (6,25). Avner et. al. 
(6) have recently examined this issue of 
apically located Na+ K+-ATPase in cyst 
lining cells by carefully documenting 
events of renal development in a 
congenital animal model of cystic 
disease. They observed that the location 
of the Na+ K+-ATPase in the collecting 
ducts and the proximal tubules changes 
during normal development. Prior to 
differentiation, the Na+ K+-ATPase is 
located at the apical cell membrane. 
During differentiation, distribution of 
the enzyme is relocated to the 
basolateral membrane, the position 
typical of the adult renal tubule. 
Collecting duct cysts in these animals 
showed apical localization of the Na+ K+-
ATPase, whereas the enzyme was located in 
a basolateral position in proximal tubule 
cysts. The fact that proximal tubule 
cysts showed normal enzyme distribution 
suggests that mislocation of the Na+ K+-
ATPase may not be the primary defect 
responsible for cyst enlargement of this 
segment of the renal tubule. The authors 
suggest that the occurrence of apically 
located enzyme in collecting ducts may 
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then be an expression of the 
undifferentiated phenotype. This opens 
the possibility that the cystic 
abnormality in the renal tubule could be 
related to a developmental defect of 
persistent undifferentiation originating 
during the fetal period, or in the case 
of late onset, possible modulation of the 
adult tubular epithelium to a de-
differentiated state. It has yet to be 
demonstrated that mislocated Na+ K+-ATPase 
in tubular cysts is functionally active. 
Carone et. al. (25) followed Na+ K+-
ATPase location in a chemical model of 
renal cystic disease and noted 1) cyst 
growth was initiated before any changes 
in Na+ K+-ATPase could be identified and 
2) only rarely was Na+ K+-ATPase 
localized to the apical cell membrane. 
Despite these varied observations on the 
potential for net secretion by active 
transport processes, the mechanism for 
the inward solute movement that could 
account for cyst filling in most cysts of 
ADPKD kidneys is still unknown. Even 
less is known for cysts other than those 
of renal origin. 
Several laboratories have recently 
demonstrated that cultured kidney 
epithelial cells can be stimulated to 
deliver net basal to apical fluid 
transport (97,99,100,106,107,138). 
Active Na-solute transport as a mechanism 
for cyst fluid accumulation is 
particularly relevant for non-
communicating cysts. However, for 
substantiation in the intact kidney, the 
hypothesis requires that an inward 
driving force be demonstrated, e.g., in 
the form of higher intracystic than 
extracystic osmotic pressures, or cyst 
fluid/plasma sodium gradients equal to or 
greater than unity. Such gradients exist 
for relatively few(< 10%) cysts in ADPKD 
kidneys ( 57). 
Welling et. al. (139-141) have 
suggested that cysts in ADPKD may fill 
through passive bulk flow or diffusion, 
as the result of extremely small 
transepi thelial hydrostatic or osmotic 
forces. This appears to be a reasonable 
idea in that a) cyst walls of ADPKD 
kidneys are known to support large fluxes 
of water (86), b) osmotically active 
organic solutes termed "osmolytes" (such 
as the polyols, methyl amines and amino 
acids), are normally made by cells of the 
renal medulla (7,31) and have been 
demonstrated in some ADPKD cyst fluids 
(49,54), and c) some low sodium cysts 
contain amino acids and other organic 
acids in significant concentrations 
(54,84). Inwardly directed fluid 
diffusion is a popular explanation for 
growth of cysts of the oral cavity 
(87,98,113,121,128,130). It was 
originally thought that desquamated 
lining cells and their products which 
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accumulate within the luminal fluid could 
elevate the intraluminal osmotic pressure 
(115,128) and thereby account for the 
increase in hydrostatic pressures noted 
in these cysts (87,98,118,128). However, 
most studies have found the fluid 
contents of oral cysts to be a simple 
dialysate (119,133). 
Conclusions 
Much of the data that have been 
collected to define the mechanisms 
responsible for epithelial cyst formation 
and growth remains inconclusive. Recent 
important findings more clearly describe 
the ultrastructural histopathology and 
morphogenesis (i.e. in kidney) of cysts, 
the putative transport mechanisms that 
may be involved in fluid accumulation, 
and the alterations in the basement 
membranes of some cyst-forming organs; 
and suggest that growth factors may be 
associated with cysts. Still there 
remains only two main identifiable 
features common to the development of 
cysts throughout the body: cysts exhibit 
epithelial hyperplasia and cysts 
accumulate fluid. Clearly these are not 
the only two events involved in cyst 
formation and growth, but are expressions 
of cellular response to a disease process 
that is under multifactorial control. In 
support of this idea, recent studies in 
experimental renal cystic disease by 
Gardner et. al. (61,62) have shown that 
the cystogenic activity of NOGA can be 
amplified by altering the microbial 
environment of the animal. In these 
studies, it was observed that endotoxin 
given to animals on NOGA acted 
synergistically to promote cyst formation 
and growth. 
It is likely that numerous factors 
play a role in cyst formation by creating 
an environment in which hyperplasia and 
fluid accumulation occur. For example, 
cyst lining cells may be responsive to 
endocrine or paracrine factors. Growth 
factors or mitogenic agents derived from 
the interstitium or possibly the 
circulating cell population could, 
likewise, influence cell proliferation 
and function. Cytokines are understood 
to have multiple effects on a variety of 
cell types and conceivably could affect 
both the proliferative activity and 
secretory function of an epithelium. An 
exogenous agent such as a toxin could act 
to regulate cyst formation and growth. 
Regardless of the nature of the 
causative factors, susceptibility to the 
stimulus also is likely to be a 
prerequisite for cyst formation and 
growth. Cystic diseases are 
heterogeneous and rarely if ever are all 
regions of an organ affected. This is 
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the case, for example, in ADPKD in which 
data indicate that only a small 
percentage of nephrons develop frank 
cysts ( 11, 84). Such heterogeneity 
suggests that epithelia that become 
cystic are those that are susceptible to 
a cystogenic stimulus. In instances such 
as ADPKD in which the disease is 
genetically determined, expression of the 
lesion may result from an increased 
responsiveness to a set of local 
environmental conditions that must be 
present to trigger "cystic cell" 
behavior. 
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